Abstract. In In this study to understand the substitutional effect of Co-Zn on structural and magnetic properties of the BaFe12-2xCoxZnxO19 M-type hexagonal ferrites with concentration (x= 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) were synthesized by the ceramic method. The results of x-ray diffraction show polycrystalline with single phase. Scanning electron microscopy micrographs shows the hexagonal ferrites that are composed of small particles with large porosity, roughly of spherical shapes. The substitution of Fe 3+ ion by Co 2+ and Zn 2+ has changed magnetic properties of hexagonal ferrites.
Introduction
The hexagonal ferrites as permanent magnets have been used for thousands of years [1] and play an important role in daily-life applications [2] [3] [4] [5] [6] . The development of magnetic materials with material derived from mineral minerals has been first described in 1925 and continues in 1938 the hexagonal crystal with the composition PbFe7.5Mn3.5Al0.5Ti0.5O19 [7] . A few years ago Philips Laboratories had developed ferrites (BaFe12O19) that is known by many names, including barium hexaferrite, barium ferrite, hexagonal ferrite, ferroxdure, Mferrite and BaM had a high electrical resistivity of 108 cm and the high magnetic uniaxial anisotropy along the c-axis. The compound hexagonal ferrite, BaFe12O19 with a melting point of 1390 oC, a coercivity of 160-255 kA/m, magnetically hard, the maximum density is 5.295 g/cm3 [8] [9] [10] [11] [12] . The effect of dopants on hexagonal ferrite has been largely done by researchers in order to enhance the properties of the magnet. Amitava Moitra et.al investigated aluminum-substituted M-type barium hexaferrite [13] . M-type hexagonal ferrites with BaCoxFe12−xO19 (x = 2.0, 3.0) composition had prepared by C. C. Chauhan at.al [14] . Al 3+ and Cr 3+ co-substituted barium hexaferrite BaCrxAlxFe12-2xO19 (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) nanoparticles had showed all the magnetic parameters saturation magnetization (Ms), remanence magnetization (Mr) and coercivity (Hc) decreases with increase of Al 3+ and Cr 3+ content x [15] . The substitution of Co 2+ and Ti 4+ ions in barium ferrite mainly lead to the replacement Fe 3+ ions distributed in octahedral positions 12k and 4f2 and had decreased of the coercivityfor x = 0 is clearlyobserved for the value 391 kA/m and drops down to 35 kA/m for x = 1.2 [16] . BaFe10Al2O19/poly (o-toluidine) (BFA/POT) composite [17] , Co2Z barium ferrite composite with the added graphite powder [18] , Fe 3 ion in barium hexaferrite were replaced by magnetic (Mn, Co, Ni and Cu), non-magnetic (Zn) and dielectric ions (Ti) [19] were prepared for microwave absorbing properties. This paper is to report a detailed microstructural and magnetic study of the BaFe12-2xCoxZnxO19 M-type hexagonal ferrites with concentration x= 0.0, 0.2, 0.4, 0.6, 0.8, 1.0 using x-ray diffraction (XRD) and scanning electron microscope (SEM) for analyzing its structures, and permagraph techniques for magnetic properties.
Experimental procedure
Hexagonal ferrite, BaFe12-2xCoxZnxO19 M-type hexagonal ferrites (x= 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) were synthesized from stoichiometric mixtures of Fe2O3, BaCO3, Co3O4, ZnO and by the ceramic method. Samples were sintered at 1100 o C for 3 h. The samples were characterized using Phillips x-ray diffraction (XRD) Co-K with 40 kV and 30 mAand scanning electron microscopy FE-SEM FEI Inspect F50 for analyzing structures, hysteresis loops recorded by Permagraph techniques from magnet physik Dr. Steingroever GmbH with maximum external field of 1 tesla for magnetic properties.
Results and discussion
The hexagonal ferrites were characterized using x-ray diffraction (XRD) Phillips Co-Ka with 2 interval 30 -60 o for analyzing the structure. Figure 3 shows the SEM micrographs of the hexagonal ferrites BaFe12-2xCoxZnxO19 (x = 0.0; 0.2; 0.4; 0.6) powders. The barium hexaferrite are composed of small particles with large porosity, roughly of spherical shapes, less than 2 m after milling for 1 hour by using high energy ball mill. While the lattice parameters changes (table 1), according to the SEM micrographs (Fig.3) show no particle size change significantly that caused by substitution of Fe 3+ ion by Co 2+ and Zn
2+
. Figure 4 shows hysteresis loops in the second quadrant and the magnetic energy density (BH)max of hexagonal ferrites that obtained from measurement using Permagraph techniques from magnet physik Dr. Steingroever GmbH with maximum external field of 1 tesla. 
Conclusions
Hexagonal ferrites BaFe12-2xCoxZnxO19 with x = 0.0; 0.2; 0.4; 0.6; 0.8; 1.0 were prepared the ceramic method successfully. According to the diffraction pattern of all samples are polycrystalline with single phase. SEM micrographs shows the hexagonal ferrites that are composed of small particles with large porosity, roughly of spherical shapes and less than 2 m. The substitution of Fe 3+ ion by Co 2+ and Zn 2+ has changed magnetic properties of hexagonal ferrites. Ms value increases, while Hc and (BH)max values decreases. On the other hand, Mr value increases with x=0 to x=0.4 and decreases with x=0.6 to x=1.0.
